This study was conducted to evaluate the wetland water quality (WWQ) over a period of 3 years and establish relationships between these qualities using Ramsar site Uchali Wetland, Pakistan (32
INTRODUCTION
A global quality standard for drinking water exists (WHO , ) but wetland waters' uses transcend drinking.
Wetland (WHO ) has been described as an area of Marsh, or fen, peat land or water which may be natural or artificial, permanent or temporary with static or flowing water and not more than 6 m depth. Active researches in Wetland quality assessment are on-going globally with the goal of developing a blue print on global wetland water quality standards (GWWQS) (Hatfield et al. ) . Water remains the main component of the wetland ecosystem and it plays a major role in providing suitable habitat for aquatic life and water birds, retaining water for irrigation and domestic use by the farmers and the host community during dry times (Vincy et al. ) . Despite the importance of the wetland water, comparisons of wetland water quality (WWQ) from site to site have been found impracticable (Credit Valley Conservation ) due to lack of known GWWQS. Research on WWQ abounds and includes, strategies for assessing the cumulative effects of wetland alteration on water quality (Brinson ) , agricultural soil and water quality assessment, CO 2 storage on wetland reserves (Servadio & Bergonzoli ) , and water quality assessment of a tropical wetland Ecosystem (Vincy et al. ) . Also, application of a model tree and evolutionary polynomial regression was adopted for sediment transport in pipes (Najafzadeh et al. a) . These works notwithstanding, there is need for the assessment of the water quality of the sites in order to establish the potentiality of the sites in supporting other expected systems aside from domestic uses. Indeed, optimal benefits as postulated by Arslan () are not a function of the soil-water-plant balance alone; their interactions with the water birds are also essential. This work would thus provide a foundation for WWQ standards for the country as well as for GWWQS since the global standard is always from the conglomerates of the available individual national standards. It would also optimize the appropriation of the interdependence of wetland water qualities for sustainable management of any wetland. GWWQS would be useful in conserving the wetlands by providing indicators for and a guide against their over-exploitation and misuse. A few of the features of the supposed GWWQS should be that it is analysable, comparable with existing standards and statistically significant. The general linear model (glm) analysis was annexed to establish significance between means of different wetland water variables using n À 1 degrees of freedom. The correlation presents a half diagonal matrix of pairwise relationships between wetland water parameters while factor analysis was adopted to partition the wetland water into lower groups of unobserved variables called factors.
The objectives of this study were therefore to evaluate the quality of the wetland water over a period of 3 years, establish relationships between the water quality indices and determine factors controlling the water quality of the wetland.
METHODOLOGY
This study was conducted at Uchali Wetlands Complex vegetation is confined to a few small patches along the lake's shore and there is a very rich growth of plankton in the lake. The catchment area of the lake comprises agricultural lands, forests and range lands and is also under regular degradation due to extensive agricultural practices, deforestation, forest fires and grazing.
From 2011 until 2013, data on bird species frequencies and bird frequencies were obtained using the point count method in January and February which represents the peak period of the migratory birds (Hostetler & Main ) .
Three sampling points were established and water samples were collected and labeled accordingly. These sampling processes were repeated four times during the period at intervals of 20 days and in the morning.
The water quality indices (Pondus hydrogenii (pH), electrical conductivity (EC), dissolved oxygen (DO), total phosphorus-P, nitrogen-N, suspended solids (SS)) were evaluated using established methods ( 
where x 1 -x 2 are as defined earlier and represent the slope and b-f are the regression coefficients. The model was also tested for co-linearity and the stepwise regression analysis was done to determine the contributions of each of the model components. Also, the variance inflation factor (VIF) was used to capture the extent of the colinearity of each of the components. VIF is the reciprocal of tolerance which is given as:
and therefore,
The statistical packages adopted in this study were SAS (V8) and PAST. 
RESULTS

Summary statistics and WWQ
The summary statistics of the water quality indices showed that total phosphorus had the lowest mean of 1.783 mg l
À1
while the total population had the highest mean of 25,360.167 (Table 2 ). The variance of the indices followed the same trend (0.01 -total phosphorus -42,891,102.700 -the population) but mean-variance ratios were not uniform (Table 2 ). This implied that the variability of the water quality and bird population indices was dependent on the sizes of their data but their ratios were distinct. The glm of the monthly mean water indices showed that the mean returned for pH (2.570) was not statistically significant (p < 0.05)
while those returned for all other indices were statistically significant (Table 2) . Means returned for DO (9.940 mgO 2 / l), conductivity (11.740 mS), total suspended solids (5.450 ppm), total nitrogen (8.000 mg l À1 ) and total phosphorus (8.00 mg l À1 ) were all significant (p < 0.05 - Table 3 ). The LSD of the monthly means of the water quality indices showed that means returned for January for all the indices were significantly higher than those of February (Table 3 ). This implied fluctuation in the quality of the wetland water within the study period. The glm analysis of annual water quality showed that the annual mean returned for all the years in respect of all the indices were significantly different from one another. The F statistics, 308.680, 2, 031.240, 1, 900.360, 4, 175.520, 1, 701.380 and 857.370 returned respectively for pH, DO, conductivity, total suspended solids, total nitrogen and total phosphorus were significant (p < 0.05). Similar grouping patterns were obtained by DMRT for both DO and total suspended solids ( Table 3) . Means of both indices returned for 2011
were significantly higher than those returned for 2013 and the least means were obtained for 2012. Also, the grouping patterns of pH, total nitrogen and total phosphorus were similar (Table 3) . Means of these indices returned for 2013
were significantly higher than the means of year 2011 and the least significantly different means were those obtained for 2012. This implied that WWQ for 2012 was the lowest. Correlation and factor analysis of the WWQ indices
The correlation analysis of the water quality indices indicated that 80% of the pairing indices were significant (p < 0.05). The correlation between rainfall and other water quality indices which were very low were not significant (Table 4) . Generally, 56% of the pairing indices were inversely correlated while the remaining 44% were directly correlated. The highest but inverse correlations (À0.990)
were the correlation between conductivity and DO as well as that between conductivity and wetland water size. The least correlation (0.050) on the other hand was obtained between total phosphorus and rainfall (Table 4) . Similarly, 45% of the variance covariance matrices were negative while the remaining (55%) were positive. None of the variance-covariance returned zero covariance, which indicates dependence on the variability of the indices. From these results it could be established that the majority of the water quality indices directly or indirectly affected the population of the bird species. Similarly, from the variance-covariance data, it was established that the indices are functionally independent. This connotes the sensitivity of the bird species to the WWQ and the randomness of the data, which makes it suitable for further analysis.
The essence of factor analysis in the present study was to reduce a number of correlating indices to a few manageable factors through a linear correlation of observed factor with a few other unobserved factors. Three main indices (water body size (ha), pH of the water and rainfall) have been isolated by the factor analysis ( Table 5 ). The water body size returned the highest (0.898) factor loading for factor 1 with a proportion of 51% (Table 5 ). This was followed by the pH which returned the highest (0.932) factor loading for the second factor with the proportion of 38% and cumulative proportion of 89%. The third water quality index was rainfall with the factor loading of 0.982 and proportion of 11%. Other factor loadings are species, individual, total phosphorus, DO, total nitrogen, but their contributions were very insignificant because the cumulative proportion of the first three factors was 100%. It could therefore be established that wetland water body size, its pH and rainfall are the main determinant of the wetland quality.
Cluster analysis of the water quality and population indices
The goal of cluster analysis as used in this study was to technically organize arrays of information provided by the water quality indices into manageable and meaningful piles. The water quality and population indices of the wetland (Table 6 ) can be organized based on the cluster analysis into a 9 (n À 1) Mahalanobis distances group. Similarly, the monthly water quality indices (Table 6 ) were organized into an 11(n À 1) Mahalanobis distance d ij group. From the Mahalanobis distance, d ij , of the water quality indices, it could be established that 80% of the indices were related while 20% were dissimilar. Also, three piles of clusters were distinct and are (i) total nitrogen, total phosphorus, DO, rainfall, conductivity, total SS, individuals (population), (ii) wetland size and (iii) number of species. These piles showed that water quality indices were significantly related to the bird population. Also, due to complex relationships, it was difficult to obtain a clear cut classification for the temporal variability of water quality. However, the Mahalanobis distances classification of the temporal variability of the water quality partitioned the monthly quality into two main piles.
These were the water quality indices for both January and February, 2012 and those of other periods (Table 6 ) and the two groups eventually merged since it is a single tree clustering. This implied that the water quality in both 2011 and 2013 are similar to each other in terms of quality. From this cluster analysis, it could be established that water quality indices are related to one another in one way or the other.
Water health model
The multiple linear model of the water health was given as:
where wise regression analysis showed that the cause of the colinearity was the conductivity and both total nitrogen and Total phosphorus were found to contribute nothing to the health model (Table 7) . Based on the contributions of the model components, the water health model can be given as:
where
The model statistics for this model include, coefficient of determination R 2 of 0.996, F-statistics of 831.047 and standard error of 0.133. All these statistics were significant (p < 0.05) and the variance inflation factor (VIF) for this 
300.777
Note: Upper diagonal matrix is the correlation values while the lower diagonal matrix is the covariance matrix. * ¼ Significant mean at 0.05; ** ¼ significant mean at 0.01.
model was 1.008 (Table 7) . This VIF falls within the accep- 
